Abstract. The properties of hectorite was strongly affected by their microstructures and purity. Here Na x Li x Mg 3-x Si 4 O 10 (OH) 2 ·4H 2 O multilayer pancakelike structures were fabricated successfully by hydrothermal reaction of Na 2 SiO 3 ·9H 2 O, MgCl 2 ·6H 2 O and LiCl·H 2 O in autoclave at 473K. The synthesis process of hectorite were observed by XRD. The formation mechanism of Na x Li x Mg 3-x Si 4 O 10 (OH) 2 ·4H 2 O was discussed. The influence of temperature and proportion reactants to hectorite were proposed. The amorphous hectorite was formed firstly. Then the hectortie particles aggregated and oriented assembly with the help of reaction temperature. The effected of proportion of reactants such as molar fraction of LiCl and the Mg/Si molar ratio were discussed. The purity of hectorite changed regularly with different Mg/Si molar ratio.
Introduction
It is well-known that the properties of materials are closed related with their purity and microstructures. The little change of purity and microstructures make the properties of one substance change drastically. Therefore, increasing attention was attracted to fabricate materials with different microstructure, and research the mechanism of synthesis process in recent years [1] .Hectorite was a class of phyllosilicates which usually from as a result of chemical weathering of other silicate minerals at the surface of the earth. Hectorite belongs to the same general family of 2:1 layered. The crystal structure consists of layers made up of two tetrahedral coordinated silicon atoms fused to an edge-shared octahedral sheet of magnesium hydroxide. Isomorphic substitution within the layers, for example, Mg 2+ replaced by Li + , generates negative charges that counterbalanced by alkali cations situated inside the galleries [2] .
Depending on the layer structure and specific properties, for example high specific surface area, ion exchange capacity and hydration property, hectorite was widely used in many important fields, such as catalysis [3] , synthesis of polymer-based nanostructured materials [4] , adsorption [5] , and environmental issues [6] . Many studies were carried out to investigate the synthesis of pure hecorite. Zhou et al. [7] evaluated the influences of synthesis parameters such as crystallization time, hydrothermal temperature and reactant ration on the structure development of hectorite. The crystallinity of hectorite increased with increasing crystallization temperature. Isabel Vicente et al. [8] reported fast microwave synthesis of hectorite. The effect of brucite used, aging temperature, time under microwaves on the resulting hectorite were researched. The hydrothermal microwave treatment provides a faster synthesis of hectorite.
In our previous research, hectorite and its composite was synthesized, and its performances were also conformed [9] [10] [11] [12] . However, the mechanism and synthesis process were few researched. In this paper, the influence of temperature and proportion on mechanism of hectorite were discussed. The research results are very important for the preparation and application of high purity hectorite.
Materials and Methods

Materials
In this paper, the starting materials are magnesium chloride ( 
Experimental and Method
Three starting reagents were weighed out in the appropriate proportions and de-ionized water was added. Each sample was mixed by hand and loaded into high pressure polytetrafluoroethylene (PTFE) reaction autoclave, which were heated at different temperature and left to equilibrate for 20 hours. The product was centrifuged and dried at 353K.
Instrumentation
The samples were detected by X-ray diffraction (XRD) analysis using a Shimadzu 6000X X-ray diffractometer with Cu Kα radiation. All samples were scanned over a 3~80° 2θ range using a step size of 0.00170 with a 1 s step rate. Scanning electron microscope (SEM) images were taken using JSM-5610LV,. The samples were firstly dispersed in ethanol, dried in air and then coated with gold before observation of SEM.
Results and Discussion
In the process of hydrothermal synthesis hectorite, water (H 2 O) was used as solvent. The effect of H 2 O Phase was neglected. However, the mechanism and the process were influenced by reaction temperature and the proportion of reactants. The proportion of reactants were listed in Table 1 . 
Effect of Reaction Temperature
The mechanism and the process of synthesis hectorite were influenced by the reaction temperature. In this process, the sample 6# was researched at ambient temperature. The means of the duplicated experimental results are plotted in Fig. 1 . From Fig. 1 and the amorphous sediment MgSiO 3 was obtained at ambient temperature (Fig.1 a) . After calcination, the characteristic diffraction of MgSiO 3 wa s observed (Fig.1 b) . Fig. 1 The XRD pattern of sample 6# at ambient temperature (a, without calcination; b, with calcination at 800°C)
Compared with the chemical reaction at ambient temperature, the synthesis process and mechanism with hydrothermal method were researched. According to proportion of reactants (6#), the react was carried out in autoclave. The temperature of reaction increased from 423K to 463K. The means of the duplicated experimental data are depicted in Fig.2 . Two obvious changes were observed. Firstly, according to the XRD pattern of sample 6#, in hydrothermal condition, Mg 4 Si 4 O 10 (OH) 4 ·2H 2 O and Na x Mg 3-x Li x Si 4 O 10 (OH) 2 ·4H 2 O (hectorite) were obtained. The chemical reactions were showed in Formula (1) and Formula(2). The results were consist with our previously studies [10] . Secondly, the characteristic diffraction of Mg(OH) 2 was observed within temperature ranging from 423K to 453K. With the increment of temperature, the intensity of the characteristic diffraction decreased. When the temperature increased to 463K, the characteristic diffraction of Mg(OH) 2 disappeared. This changes were showed in Formula (3). The characteristic diffraction of Mg(OH) 2 disappeared in XRD pattern (Fig.2) . 
Effect of Proportions of Reactants
The synthesis process of hectorite was influenced by the proportions of reactants. With different proportions, the constitution of product was different absolutely. The samples of 19#, 20#, 21#, 22# were researched at 453K. The results were showed in Fig.3 When the molar fraction of Mg decreased, the hectorite phase was observed and the Mg 4 Si 4 O 10 (OH) 4 ·2H 2 O phase disappeared, which were showed in Fig.4 . The Mg/Si molar ratio of the samples 3#, 16#, 17#,18# were 1:1.333, but the molar fraction of Li was increased from sample 3# to 18#. From Fig. 4 , it can be seen the characteristic diffraction of hectorite (001) and Li 2 SiO 3 . With the increment of LiCl molar fraction, the intensity of Li 2 SiO 3 characteristic diffraction also increased. These results can be attributed to the excess of Na 2 SiO 3 . When the Mg/Si molar ratio of the reactants were 1:1.333, the Mg 2+ reacted with SiO 3 2-absolutely and the hectorite phase was obtained. In this condition, Mg of the hectorite crystal structure was easily replaced by Li. Meanwhile, the spare of Li The process of synthesis hectorite also was influenced by Mg/Si molar ratio of the reactants. The means of the duplicated experimental data are depicted in Fig.5 and Fig.6. In Fig.5 , the reaction system was MgCl 2 -Na 2 SiO 3 binary system. The Mg/Si molar ratio of samples 1#, 2# and 19# were 1:1, 1.667: 1 and 2:1 respectively. Based on data illustrated in Fig.5 , with the Mg/Si molar ratio increased, the constitution of the product changed obviously. In the sample 1#, the product was the mixture of Mg 4 In Fig. 6 , the LiCl molar fraction of all samples was 6.25%, and the Mg/Si molar ratio was increased from 1:1.333 to 1.913:1. From Fig. 6 , it may be seen that there two changes of the XRD pattern. Firstly, with the Mg/Si molar ratio increased, the content of Mg 4 Si 4 O 10 (OH) 4 ·2H 2 O phase increased. The intensity of hectorite characteristic diffraction (001) was decreased until to disappeared. In sample 3#, because of the suitable of Mg/Si molar ratio, the pure hectorite was obtained. When the Mg/Si molar ratio increased to 1.143:1, the Mg(OH) 2 phase was observed. The intensity of Mg(OH) 2 characteristic diffraction was increased and then decreased. When the Mg/Si molar ratio was 1.666:1 the Mg(OH) 2 phase disappeared.
Summary
In this paper, the mechanism and process of synthesis hectorite were researched. When the Mg/Si molar ratio was 1.333:1 and the molar fraction of Li was 6.25%, the pure hectorite was obtained. When the Mg/Si molar ratio increased to 2:1, the pure Mg 4 Si 4 O 10 (OH) 4 ·2H 2 O phase was obtained, meanwhile LiCl did not react with other reactants. When the e Mg/Si molar ratio was 1:1.333, the purification of hectorite was affected by the molar fraction of LiCl in the reactants. With the increment of the Li molar fraction, the Li 2 SiO 3 phase was observed and its content increased obviously. The constitution of product was affected by the reaction temperature. When the temperature increased from 423K to 463K, the Mg(OH) 2 phase in the product decreased gradually and disappeared at last.
